The propagation of anelastic surface waves presents substantial differences compared to the elastic case. Therefore, a forward modeling scheme to study surface waves in an anelastic earth is of some relevance to the geophysical problem.
INTRODUCTION
Anelasticity of earth materials has an important influence on wave propagation, particularly on surface waves, since the weathering zone is generally an unconsolidated medium and therefore shows strong dissipation and velocity dispersion.
Moreover, anelasticity introduces new phenomena not present in the propagation of elastic surface waves (e.g., Carcione, 1992) . Considering, for instance, anelastic Rayleigh waves in a homogeneous half-space, there are several differences with the elastic case. In the first place, more than one Rayleigh wave is possible, one of them corresponding to the usual elastic surface wave, and the other, which exists only when the medium is viscoelastic, for certain combinations of the Lam6 parameters and for a given range of frequencies. In contrast to elastic materials, for these anelastic surface waves, the particle motion may be either direct or retrograde at the surface. The motion may change sense at many or no levels with depth, and for the second Rayleigh wave, the energy velocity may be greater than the body wave energy velocity. Consequently, a forward modeling scheme to study surface waves in an anelastic earth is of relevance for the geophysical problem. An analysis of anelastic Rayleigh waves by using energy considerations can be found in Carcione (1992) whe' re the energy balance is computed and the quality factors and energy velocity are calculated as a function of frequency, depth, and per unit surface area. A theoretical analysis of wave motion in anelastic media can be done for very simple structures like, for instance, the homogeneous half-space studied in Carcione (1992). However, for more complicated models, wave simulation is needed.
In addition to incorporating all these new effects in wave modeling, accuracy is very important when studying anelastic wave propagation. In particular, velocity dispersion is not to be confused with numerical dispersion. Spatial accuracy is achieved by using pseudospectral methods for computing the spatial derivatives of the anelastic wave equation. This modeling scheme is based on a spatial discretization on a grid in which the spatial derivatives are calculated with a Chebychev method in the vertical direction and a Fourier method for the horizontal direction. This approach allows a 
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natural incorporation of the free surface boundary condition, since the Chebychev method is not periodic in the vertical direction, and one can handle any source-receiver configuration unlike with the Fourier method. The modeling scheme used in this work was first introduced by Kosloff et al., (1990) to solve wave propagation problems in purely elastic media.
A direct implementation of the free surface boundary conditions may produce instabilities. To avoid this problem, a boundary treatment based on characteristics is applied. The wave equation, recast as a first-order hyperbolic system, is decomposed into wave modes that describe outgoing and incoming waves at the boundaries. The outgoing waves are determined by the solution within the computational volume, while the incoming wave depends on the boundary conditions. The result of this approach is a wave equation at the free surface that automatically includes the boundary conditions.
The first section introduces the 2-D wave equation for linear isotropic-viscoelastic media. Then, the boundary treatment is outlined, and the wave equation at the free surface is obtained. Next follows a description of the numerical modeling algorithm. The first example computes synthetic seismograms and snapshots of Rayleigh wave propagation in a homogeneous anelastic half-space that represents an unconsolidated weathering zone. A second example tests the modeling scheme in a structure containing a vertical interface separating an elastic medium from an anelastic region, and bounded at the top by a free surface.
THE WAVE EQUATION
This description of wave propagation is based on the equation of momentum conservation combined with the constitutive relations for infinitesimal deformations. For 2-D media, the equations of momentum conservation are (la) where x = (x, z) are Cartesian coordinates, u,,(x, t), uXZ (x' , t), and uZZ(x, t) are the stress components, uX(x, t) and uZ(x, t) are the particle velocities, p(x) denotes the density, and f(x, t) = (f,, f,) are the body forces per unit volume. In equation (la and b) and elsewhere, time differentiation is indicated with the dot convention.
The constitutive relations for an isotropic-viscoelastic medium expressed in terms of the particle velocity derivatives are (Carcione et As mentioned before, a favorable stability condition is achieved with dt = O(N-' ). At the free surface, the boundary conditions are applied by solving equations (19), whereas for the bottom boundary, nonreflecting conditions are implemented. The appropriate equations for this case are given in the Appendix. Since for nonvertical incidence, the incoming waves may not be eliminated completely, an absorbing strip can be added to improve the efficiency (Kosloff and Kosloff, 1986) . Similar absorbing regions can be placed along the boundaries in the horizontal direction to avoid wraparound caused by the periodic properties of the Fourier method. The mesh configuration is displayed in Figure 3 . The boundary conditions are automatically implemented when solving equations (20) with the appropriate operator &I obtained from equations (19) for the free surface, and equations (A-3) for the nonreflecting boundary at the bottom of the model.
EXAMPLES
The following numerical experiments test the modeling scheme. Since there is no analytical solution for anelastic surface waves, the aim is to verify whether the anelastic effects and different events come out correctly in the presence of free surface boundary conditions. The first example represents an unconsolidated weathering zone, while the second example introduces an elastic-anelastic vertical interface.
HOMOGENEOUS WEATHERING ZONE
The most simple structure is a homogeneous viscoelastic half-space bounded by a free surface. is the complex velocity of shear waves. Equation (28) has three real-roots, but only one has a physical meaning: q = 2 -2/g/3, which corresponds to the anelastic Rayleigh wave. It is proved in Carcione (1992) Compared to the previous example, the structure is more complex and more events take place, as can be appreciated in 
